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The abundance ofAeromonas hydrophila was measured in 147 natural aquatic
habitats in 30 states and Puerto Rico. Viable cell counts were used to estimate
density at all sites by using Rimler-Shotts medium, a differential presumptive
medium for A. hydrophila. Temperature, pH, conductivity, salinity, and turbidity
were measured simultaneously with water sample collection. The density of A.
hydrophila was higher in lotic than in lentic systems. Saline systems had higher
densities of A. hydrophila than did freshwater systems. A. hydrophila could not
be isolated from extremely saline, thermal, or polluted waters, even though it was
found over wide ranges of salinity, conductivity, temperature, pH, and turbidity.
Of the water quality parameters measured, only conductivity was significantly
regressed with density of A. hydrophila.

Aeromonas hydrophila has long been recog-
nized as a pathogen in amphibians (3, 18), rep-
tiles (13, 18), fish (4, 8), snails (14), cows (20)
and, more recently, humans (1). Indeed, several
cases of fatal human septicemias caused by A.
hydrophila have been reported (1), but in all
instances the patient was debilitated by some
other disease, e.g. leukemia (1). Only recently
(1) has A. hydrophila been reported to invade
and be pathogenic in humans when wounds are
exposed to water containing A. hydrophila.
Commercial and sport fishery losses to A.

hydrophila may be extensive; for example, in
1973, 37,500 fish died over a single 13-day period
in one North Carolina lake (15). Many studies
(6, 8, 18) have suggested that densities of A.
hydrophila in natural bodies of water may be an
important contributing factor to epizootics in
fish. Indeed, a significant positive correlation
recently was found between densities of A. hy-
drophila in a South Carolina cooling reservoir
and infection among largemouth bass (Microp-
terus salmoides) over a 3-year period (T. C.
Hazen, Ph.D. thesis, Wake Forest University,
Winston-Salem, N. C., 1978). Several investiga-
tors (18) have also suggested that A. hydrophila
is cosmopolitan in distribution, although none of
these studies presented data to support this as-
sertion. Because A. hydrophila is increasing in
importance as a fish pathogen (5, 15, 18) and as
a potential pathogen of man (1), the relative
distribution and abundance of A. hydrophila in
various aquatic habitats throughout the United
States was investigated.

MATERIALS AND METHODS

Sample collection. Water was collected by using
a 1-liter, vertical, Lucite Kemmerer sampling bottle
(Wildlife Supply Co., Saginaw, Mich.). The bottle was
washed with 70% ethanol after each sample was taken
(16). A minimum of three samples were placed in
separate sterile, 180-ml Whirl-Pak bags (Nasco Inter-
national, Inc., Fort Atkinson, Wis.) and processed
within 30 min of collection.

Viable cell counts. A sample was filtered through
a 0.45-,um-grid, 47-mm-diameter membrane filter (Mil-
lipore Corp., Bedford, Mass.). Sterifil aseptic systems
and Swinnex filter holders (Millipore Corp.) were used
for filtration. Dilutions were made by using filter-ster-
ilized sample water. A minimum of 1 ml (total volume)
was filtered with each filter; 0.001, 0.01, 0.1, 1.0, 10, and
100 ml quantities or their equivalents were filtered
from each site. Filters were placed on pads soaked
with Rimler-Shotts medium (19) and incubated at
35°C for 20 to 24 h in a portable incubator (Millipore
Corp.). Yellow colonies were counted with a lOx mag-
nifying lens. All density estimates were recorded as
colony-forming units per ml. Only filters having be-
tween 3 and 100 yellow colonies were used for density
estimates. Shotts and Rimler (19) reported that 94%
of yellow colonies were A. hydrophila when samples
on Rimler-Shotts agar were incubated for 20 to 24 h
at 37°C; 350C was used in this study because it resulted
in a greater number of positive colonies on membrane
filters and was more than 97% presumptive for A.
hydrophila (Hazen, unpublished results). Positive iso-
lates were randomly checked for the ability to produce
cytochrome oxidase. Less than 1% of over 1,000 colo-
nies tested for cytochrome oxidase were negative.
From 1,000 isolates that were positive for cytochrome
oxidase, 361 were tested for A. hydrophila character-
istics by using the API-20E system (Analytab Products
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Inc., Plainview, N.Y.). Only nine of these isolates were
not confirmed to be A. hydrophila.
Water quality. Salinity (per mille), conductivity

(reciprocal microohms per centimeter), and tempera-
ture (degrees Celsius) were measured in situ with a
model 33 S-C-T meter (Yellow Springs Instrument
Co., Yellow Springs, Ohio); an Accumet model 150
portable pH meter (Fisher Scientific Co., Raleigh,
N.C.) was used to measure pH. Turbidity was mea-
sured with a Mini-Spec 20 spectrometer (Bausch &
Lomb, Inc., Rochester N.Y.) by converting percent
transmittance to Jackson turbidity units (JTU) (11);
turbidity was measured simultaneously with filtration.

Statistical analyses. Analyses of variance and
regression analyses were performed by using the in-
teractive data analysis program (University of Chi-
cago) and an HP 3000 computer (Hewlett-Packard
Co., Cupertino, Calif.). Each water quality parameter
was compared with densities ofA. hydrophila by using
regression analysis. Densities of A. hydrophila and
conductivity were subjected to log (x + 1) transfor-
mation before analyses (21) because of their non-nor-
mal distrubution. Skewness and kurtosis were used to
measure normality. Any statistical probability equal
to or less than 0.05 was considered significant.

RESULTS AND DISCUSSION
A total of 147 lotic and lentic habitats were

sampled for A. hydrophila (Table 1); A. hydro-
phila was isolated at all but 12 of these sites
(Fig. 1). Of the 12 sites where it was not isolated,
2 were hypersaline lakes (Badwater Lake, Great
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Salt Lake), 2 were geothermal springs (>45°C;
(White Dome Geyser, Black Sands Basin), and
3 were extremely polluted rivers (Wabash, Mis-
sissippi, San Antonio). Thus, of the 12 locations
where A. hydrophila could not be isolated, 7
could be considered as extreme environments.
The other five sites followed no particular pat-
tern and could be due to sampling error (3%). Of
the 30 different states in which samples were
taken, A. hydrophila was not isolated in 5; how-
ever, in 4 of the 5, only a single sample was
taken.

Saline habitats had a much higher density of
A. hydrophila than did freshwater habitats,
even though the variation in density among sa-
line habitats was much larger than that among
freshwater sites (Table 2). Generally, A. hydro-
phila is not considered to be a marine bacterium
(7); however, this study indicates that it is found
naturally in marine systems which interface with
freshwater and that it can be found at all salin-
ities, except the most extreme (>100%o). This
observation has been substantiated recently; A.
hydrophila was implicated in causing ulcer dis-
ease in cod (Gadus morhua), a strictly marine
fish (10). Lotic habitats had significantly higher
densities of A. hydrophila than did lentic habi-
tats (Table 2). This is somewhat surprising be-
cause A. hydrophila could be isolated from wa-
ters having a turbidity of 0 to 395 Jackson tur-

FIG. 1. Distribution of A. hydrophila in the United States. Open circles indicate sampling sites where A.
hydrophila could not be isolated.
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TABLE 2. Comparison of densities ofA. hydrophila
by habitat

Density of A. hydrophila (CFU
MI-I)a

Habitat No.

Mean Standard Range
error

Freshwater
Lotic 161 46 3,600-0.4 96
Lentic 20 8 205-0.1 26
All 130 36 3,600-0.1 122

Saltwater 746 688 9,000-0.1 13
Total (saltwater 189 73 9,000-0.1 135

and freshwa-
ter)

CFU, Colony-forming units.

bidity units. There was, however, no significant
regression between turbidity and density of A.
hydrophila.
The thermal optimum for most strains of A.

hydrophila is 35°C, and the thermal maximum
is very close to 450C (17). In this study, A.
hydrophila was isolated from waters having
temperatures of between 4.0 and 45.00C. A. hy-
drophila could not be isolated at temperatures
greater than 450C; the highest densities occurred
at 350C, along thermal gradients ranging from
200 to 720C (T. C. Hazen, manuscript in prepa-
ration).
Water pH did not seem to play a significant

role in A. hydrophila distribution, because the
bacterium could be isolated over the entire pH
range of the samples (5.2 to 9.8). In our lab we
have found that A. hydrophila growth is unaf-
fected by pH's from 5 to 9 and that it is incapable
of growth at a pH lower than 4 or higher than
10.

Regression analyses revealed significant rela-
tionships between densities of A. hydrophila
and conductivity (F = 14.5; df = 93; P < 0.001).
None of the other water quality parameters
showed significant regressions with densities of
A. hydrophila. It is unlikely that conductivity
alone affects the distribution and abundance of
A. hydrophila, even though inorganic ion re-

quirements have been demonstrated for a num-

ber of marine bacteria (12). It is more likely that
some unmeasured water quality parameter(s)
varies proportionately with conductivity and
that it affects the density of the bacterium.
Conductivity may be significant, however, as an

indicator of aquatic habitats in which high dens-
ities of A. hydrophila occur.

The cosmopolitan distribution of A. hydro-
phila is at least partly explained by its ability to
live under a wide variety of environmental con-

ditions in natural waters. Its densities, as esti-
mated by viable cell count, commonly range
from less than 1 cell per liter to several thousand

cells per ml, under a wide variety of conditions.
Its abundance in natural waters is clearly not
controlled purely by allochthonous or autoch-
thonous carbon, because oligotrophic lakes of
the Grand Tetons may have densities of A.
hydrophila comparable to those of bayous of
Louisiana. Abundance of A. hydrophila in so
many different systems would seem to indicate
an important role for this bacterium in natural
aquatic processes.

Epizootics in fish, caused by A. hydrophila,
have been largely confined to the southeastern
United States (5, 8, 15, 18). Densities of A.
hydrophila are high in the southeast, but not
significantly higher than in other parts of the
United States. Biochemical and serological stud-
ies of 361 isolates from water and fish throughout
the United States reveal a striking similarity
(Hazen and Fliermans, unpublished data); how-
ever, other investigators have reported that A.
hydrophila isolated from fish is more virulent
than isolates from water, even though all isolates
were biochemically similar (2). Recent studies
(4, 8, 9) have shown that host stress may be a
significant factor in the epizootiology of red-sore
disease and, in combination with variability in
virulence of A. hydrophila, may be of signifi-
cance in limiting epizootic outbreaks to aquatic
systems in the southeastern United States.
Clearly, A. hydrophila, as a potential pathogen
and as an important component of the micro-
flora in aquatic systems, requires further study.

ACKNOWLEDGMENTS
This study was supported by contract EY-76-S-09-0900

between the United States Department of Energy and Wake
Forest University. This study was also supported in part by
grant B-112-NC from the Water Resources Research Institute
to Wake Forest University and in part by contract AT (07-2)-
1 between the United States Department of Energy and
Savannah River Laboratory.
We thank Gayle Hazen, Jim Matthews, Mark Raker, and

Bill Crawford for their excellent technical assistance.

LITERATURE CITED

1. Davis, W. A., J. G. Kane, and V. G. Garagusi. 1978.
Human Aeromonas infections: a review of the literature
and a case report of endocarditis. Medicine 57:267-277.

2. DeFigueiredo, J., and J. A. Plumb. 1977. Virulence of
different isolates of Aeromonas hydrophila in channel
catfish. Aquaculture 11:349-354.

3. Emerson, H., and C. Norris. 1905. "Red Leg"-an infec-
tious disease of frogs. J. Exp. Med. 7:32-60.

4. Esch, G. W., and T. C. Hazen. 1978. Thermal ecology
and stress: a case history for red-sore disease in large-
mouth bass (Micropterus salmoides). In J. H. Thorpe
and J. W. Gibbons (ed.), Energy and environmental
stress in aquatic systems. Department of Energy sym-
posium series no. CONF-771114. National Technical
Information Service, Springfield, Va.

5. Esch, G. W., T. C. Hazen, R. V. Dimock, Jr., and J.
W. Gibbons. 1976. Thermal effluent and the epizootiol-
ogy of the ciliate Epistylis and the bacterium Aero-
monas in assocation with centrarchid fish. Trans. Am.
Microsc. Soc. 95:687-693.

VOL. 36, 1978 737



738 HAZEN ET AL.

6. Fliermans, C. B., R. W. Gorden, T. C. Hazen, and G.
W. Esch. 1977. Aeromonas distribution and survival in
a thermally altered lake. Appl. Environ. Microbiol.
33:114-122.

7. Gibson, D. M., M. S. Hendrie, N. C. Houston, and G.
Hobbs. 1977. The identification of some gram negative
heterotrophic aquatic bacteria, p. 135-159. In F. A.
Skinner and J. M. Shewan (ed.), Aquatic microbiology.
Academic Press Inc., New York.

8. Haley, R., S. P. Davis, and J. M. Hyde. 1967. Environ-
mental stress and Aeromonas liquefaciens in American
and threadfin shad mortalities. Prog. Fish Cult. 29:193.

9. Hazen, T. C., G. W. Esch, A. B. Glassman, and J. W.
Gibbons. 1978. Relationship of season, thermal loading
and red-sore disease with various hematological param-
eters in Micropterus salmoides. J. Fish Biol.
12:491-498.

10. Larsen, J. L., and N. J. Jensen. 1977. An Aeromonas
species implicated in ulcer-disease of the cod (Gadus
morhua). Nord. Veterinaermed. 29:199-211.

11. Lind, 0. T. 1974. Common methods in limnology. C. V.
Mosby Co., Saint Louis, Mo.

12. MacLeod, R. A. 1965. The question of the existence of
specific marine bacteria. Bacteriol. Rev. 29:9-23.

13. Marcus, L. C. 1971. Infectious diseases of reptiles. J. Am.

APPL. ENVIRON. MICROBIOL.

Vet. Med. Assoc. 159:1629-1631.
14. Mead, A. R. 1969. Aeromonas liquefaciens in the leuko-

dermia syndrome of Achatina fulica. Malacologia 9:43.
15. Miller, R. M., and W. R. Chapman. 1976. Epistylis sp.

and Aeromonas hydrophila infections in fishes from
North Carolina reservoirs. Prog. Fish Cult. 38:165-168.

16. Paerl, H. W. 1974. Bacterial uptake of dissolved organic
matter in relation to detrital aggregation in marine and
freshwater systems. Limnol. Oceanogr. 19:966-972.

17. Rouf, M. A., and M. M. Rigney. 1971. Growth temper-
atures and temperature characteristics of Aeromona.s.
Appl. Microbiol. 22:503-506.

18. Shotts, E. B., Jr., J. L. Gaines, C. Martin, and A. K.
Prestwood. 1972. Aeromonas-induced deaths among
fish and reptiles in an eutrophic inland lake. J. Am. Vet.
Med. Assoc. 161:603-607.

19. Shotts, E. B., Jr., and R. Rimler. 1973. Medium for the
isolation of Aeromonas hydrophila. Appl. Microbiol.
26:550-553.

20. Wohlegemuth, D., R. L. Pierce, and C. A. Kirkbride.
1972. Bovine abortion associated with Aeromonas hy-
drophila. J. Am. Vet. Med. Assoc. 160:1001.

21. Zar, J. H. 1974. Biostatistical analysis. Prentice-Hall, Inc.,
Englewood Cliffs, N. J.


